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COMPLETE SPECIFIC A.TTON 

Improvements in and relating to Impedance Matching 

Transformers • 

\\\\ Till-; HuiTisii 'riioMsoN-HovsTox sfction nf roiirt'iitTic transmi-ssion line 
r-^i. 1 TMTPvn :, Hiitish Coinpiinv avvimsrecl to traiisiiiit electric waves be- 
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triinsmissioti line nnd it Uns tov its ini,|ecv 
tn provide an improved iiuixidance inn tell- 
ing jnenns for two ilissimila.r sections of 
20 ''u<'li f line. 

The use of w Transmission line liaviiij» 
a lensrth -eoual to n f[uarter of a wave 
lenn'tli. or any/ odd ninltii)le thereof, of 
tlie \vave to he ti'aiisniitted, to matcli two 
25 iineriual impedances is well known. Tu the 
past varions tyi)es of halanced and tin- 
l)a lanced lines, snch as a two- wire 
balanced open line, two bar in' strip 
balanced open lines, coaxial nnhalanced 
Hues, and similar comi)osite line?, have 
been employed for this pwrpose. In 
K^neral, in most practical applications, it 
is necessary to vary tiie snrH;e impedance 
of the iinarter wave line in order to id)tain 
35 precise impedance matrhing. This has 
been a(;couiidished, iii- the case of the two- 
wire line, by varyinj; the s))acin{]r of the 
conductor elements. For the (!oncentric 
line, variation of the snr<>:e inii)edance has 
40 lieeii accoin)dislied by varyin-r tlie ratio of 
the diameters of tlic nmdnctors. This 
iiii-thod of varyiiifr Ihc snrire impedance 
of a coaxial lii\r is (•\inibersonie. recjnires 
disassenil)ly of llii; lino, and llic variaiioii 
45 "f sur<j:e iiii])ediiiice is not coiiiiiiuous. To 
obtain a coutimious. variation of the siirirc 
Miiiiedaiiii' of an iniiicdaiicc matchiiiir 
section, ami one wliirii (K>cs not ii-iniirc 
disa^semllly ol ilic line, i-, one of tin- ul)- 
00 ]'''■•< of our iiiviMition. To aci'oi ilaiice wirli 
tile iiivclH inn iIhtc is pi-ovidcd an iiiipc- 
datii-i> ma Icii illy: nnnsfonner i iini)iri>inLi' a 
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connection with the accompauying- draw- 70 
ing, iu which Fig. 1 i.s a section of a trans- 
missiou line employing the impedance 
matchiitir transformer of o\tr invention; 



Fisr. 2 i.s a .sectional view of 



the trans- 
•2—2, and 
of our ini- 
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former of Fig... I im the line 
Figs. and 4 are nuvdificaiious 
jieilance matcJiiug transformer. 

In the transmi.s.siou line of Fig. 1 . adja- • 
cunt sections It) aud 11, having dilJerent 
values of surge inipedauce, are connected 80 
together by means of the impedance * 
-niatcliiiig transformer 12. As shown, the P 
.sections ,10 aud 11 comprise coaxial 
tubular outer conductors 13 and 14 having 
the .same diameter aud coaxial inner con- 86 
ductors 15 and IG of different diameters. 
Tlie inner conductors are held in spaced 
relation Avith res])ect to the outer con- 
ductors by means of suitable insulators 28. 
Section 10 of the tran.smission line may 90 
be ('oniwjcted to some .>ource of voltage, 
sucli as a radio transmitter, and section 

11 to some utili;cati(m means, for example 
an antenna. It will bit I'l-alized of cour:-e 
iliat instead of connecting tlic transformer 95 

12 III ihe .^eclion 11. il. may be desired to 
couiu'ir this section diiiM-tly to a load 
imiiedance. 

in Hlc above described iran>mi.ssiiin 
line, if the imiiedaiici' of section 11. that IQO 
is the load iniiu'daiiee. i.» /„. and the iiupe- 
(lanie of seetinn HI. ibat is llie Seniling 
I'inl ini|ieilanee.. is llie snrue inilieilanee 
/,„ of I lie conneei iay line or i|iiaiter wave 
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rransformor, in ;u'i'oril:iu<:c'- with well 
known traiisiin.ssion line tluMiry, is ii4ate(l 
t<i tlie other impedances by tlie relation 
Z„- = Z,Zr. In practical application it. is 
d ilifficult to obtain the desired value of 
sui-pre impedance for the matching: line. 
Considerable experimentation and conse- 
quent (liassembly of the transmisAion liue 
are required before a sa.Usfartoi7 arrauare- 
10 ment is obtained. 

A precise value of Z„ far the impedance 
transfonner 12 is obtained by making the. 
... electrical len<jth of the seotion 12 equal 
to quarter wave lenfrth at.the: aupular 
16 velocity of the desired opei-atiu^ . fre- 
quency and by providing in the section 12 
an inner conductor IT which is eccentric- 
ally disposed with respect to the taibular 
outer conductor IS and means fi'i; ;id.iust- 
ing the amount of tliis ercenn-icivy. con- 
ductor 17 beinpr connected to conductors 
15 and 16 by means of the flexible <-al>le 19. 
Adiustment of the position of conductor 

17 with resi)ect to rbe tubular conductor 

18 is secured by meaus nf the triadic 
iusulator support sbown in Fi<?. 2. Tbe 
members 20 suitably, secured to rhe outer 
conductor IS. as by brn/.ing or welding, 
have interudlly threaded bores 21 in 
alignment witli the three etiuiilly spaced 
coplanar threaded oiienings 22 in the outer 
conductor IS. Rod-like members 23 of 
suitable insulating material, having 
enlarged head portions 24 externally 
threaded for engagement with the threads 
21, hold conductor 17 in spaced relation 
with outer conductor 18. By adiusunent 
of the threaded heads 2.4 in members 21). 
the position of conductor 17 with respect 

40 to conductor 18 may be adjusted as de- 
sired. Member 20 is likewise threaded 
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over a ])()rti(i!i of its outer surface for 
t;ngagement with cooperating threads on 
the interior of cap member 25. For instal- 
lations iu which a g-.is-filled transmission 46 
line is used, sealing gasket 26 is provided 
between cap member 25 and a shoulder 
portion 27 ou .member 20. 

The ratio of the outside diameter ot 
conductor 17 to the inside diameter of. 50. 
(ron(luclor 18 may or may not he different 
from the ratio of corresponding diameters 
in sections 10 and U of the transmission 
line. In sreneial,. the impedance trana- 
. former 12' is used to match two lines or 65 
two sections of a line of different charac- 
teristic impedance and tbe above- 
mentioned diameter ratio for the section 

12 is chosen to give substantially the 

correct sursre. or characteristic, impedance 60 
tor this matching .section when the posi- 
tion of conductor 17 with respect to con- 
.luctor IS is at approximately the midpoint 
of f<-i'eutric movement. In this way the 
>urge inipedance of the matching section. 66 
12 may lie varied above or below a calcu- 
latecl and expected vahxe in order to obtain - 
precise matching with sections 10 and 11. 
Movement of the inner iM)ndu<'tor 17 from 
the midi)oint of its eccentric path toward- 70 
the axis of the traiismissioir line is effec- 
tive to increase the surge impedance of 
the matchiirs section 12. while movement 
further from the axis is effective to de- 
crease the surge imiiedam-e of this sectioni 76 

Tbe expres.sion for the surge impedance 
Zo of the nmtching .secti(ui 12 for auv 
ci-centricity may be derived in the follow- 
ing manner, 'it can be .shown matbe- 
matically that the capacitance C of such 80, , 
a liue is 



...0S941 



C = 



cosh 1 . f~7 



(4) 



mfd per mile, where 



,/ = the outside diameter of the inner cou- 
duct<)r 17. 

85 /) = the inside diameter of the outer con- 
ductor IS. and 
f.-=thc eccentricity of the conductoT .1 1 , 
that is. the distance l)etween the axis 
of .■ouductor 17 and tlie axis, of conductor 
90 18. 

Since, at high frequencies the .surge 
imiiedauce 



and the velocity of piopogatioii. 

tile surge impedance can be detemiincd. 
Taking suitable icganl for tin? units, it is 
found that 
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Z„ = GO coslr' 



(4) 

Bv mathematical h-nnsfomiation this cau he expressed as follows ;- 



Z„=133 lo!r„,— + -^7G lofj.,, 
a 



In the ti-ansmissioii line of Fig. 3, the 
5 sections 30 and 31 of diSerent impedance 
value and the matching section 32 have 
inner conductors of equal diameteT and 
outer conductors of unequal diameter. In 
this figure, too. there is shown another 
10 method of supporting the inner conductor 
of the section 32 in a non-coaxial posi- 
tion. Conductor 33 i.s eccentrically 
mounted on bearing rods 34 non-coaxially 
supported in inner conductors 35 and 36. 
15 This particular construction is especially 
suitable for u.se in a cable which is not 
"•as-filled. In such n case, the eccentricity 
of conductor 33 may be adjusted by insert- 
ing a suitable tool through opening 37 m 
20 the outer conductor 38 and rotating the 
conductor 33 on the bearings 34. _ The 
triadic insulator support .shown in Fig- *. 
of course, mav be used in conjunction with 
matching section 32 as a means for more 
25 precisely determining and maintaining 
the proper eccentricity of conductor 33. 

In the modification shown in Fig. 4, the 
iiiner conductors of the sections 40 and 41 
and the matching section 42 are rigidly 
30 connected together and precise impedance 
matching of section 42 with sections 40 
and 41 is obtained by moving the i'»sition 
of the tubular outer conductor 43 with 
resnect to the solid inner conductor 44. 
35 This construction is particularly desirable 
where the conductors nf the respective 
sections are "f different diameters. In such 
a case, the inner c(mductoi« 44. 4-'), and 
4t) are rigidlv connected ingether. as by 
40 brazing or w'eldinir. The tubular outer 
conductor 43 is joined to outer conductors 
47 and 4S bv means of the corrugated 
sections 40 and jll. ^[ovenu-nt of tbc outer 
I'ondurtor of one section relative to the 
45 iHitor roiiductors »f llie (lilicv sectiDUft is 
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prevented by means of the supporting 
arrangement* comprising the plate member 
51, the clamping rings 52 and x^'i and the 
triadic supporting means 54. The rings ^ 
52 and 53 may be welded to the plate 51 50 
and mav be either brazed or welded to the 
outer conductors 47 and 48 or clainpeil 
thereto in any well known manner. The 
triadic supporting means comprises the 
ring member 55 suitably secured to plate 55 
51 and the thumb-screw members 5G 
threadedlv engaging ring 55. By adjust- 
ment of the screws oG in a well known 
manner, the position of the outer con- 
ductor 43; with respect to the inner con- 
ductor 44 may be varied to obtain precise 
impedance matching.' 

It is readily apparent that the equation 

for Zo given above for the arrangement of 
Fig. 1 applies equally well to the arrange- 65 
ment of Figs. 3 and 4. 

It is thus seen that our invention pro- 
vides an unbalanced impedance matching 
transformer in which the surge impedance 
of the tramf ormer can be varied for 70 
matching purposes, the variation being 
accomplished hj moving one of the con- 
ductors of the matching transformer to a 
non-coaxial position. In the transformers 
described above, continuous variation of 75 
the surge impedance of the matching 
section is provided without disassembly of 
the transmission line. Moreover, the value 
of tlie required matching impedance may 
lie obtained with speed, with ease, and 
witli precision. 

TTaving now particularly ilescribed anil 
ascertained the nature of our said inven- 
tion and in what manner the *ame is to be 
uevformed, we declare that what we chum 

1 . \n iniiiedancc matcliiiiir transfornu'i 
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ciimpi'isuiyr a seclton of rnui.'t'iiriic tniiis- 
luissioii line airaus-ecl to transmit t?iei;trif 
\vav(?s between otlier trunsmis.siim Hues, 
am! iiieau.s for varying riic erceiitficity of 
6 I 111! roiiihietors of tiie .-iei-iioii of c-om outrir 
line to change rlie imiiedance of. the 
si.'i'tion. 

■J. Au iinpeilauce iiialcliiiig trans- 
lornier comprisintr a iran.smissinn line 
10 having two consecntire jiart-; of dift'erent 
characteristit! iiniiedance. an intermediate 
.seetiou of coucentrie rr;insini<.<ioii lines 
iuiviug a surge iiiipedam e intermediate 
the impedances of the two ;:art.s. aud 
i5 ineaiis for adjusting the ci-ceiitriinty of tho 
conductors of the intprineiliate section to 
a value which is the geometric mean of 
the impedances of the parts. 

3. Au inipednnce matching traus- 
'20 former comprising a transmission line 

having an inner conductor and uii ouTer 
condu'ctin-. and means for varying the 
position of the inner conductor with 
respect to the axis of the outer conductor 
'<J5 to vary the impedance of tlie Hue. 

4. lu combination, au impetlauce 
matching ti'ansformer comprising a con- 
centric trausniissiou line having parts of 

ililferent surge iiupedauces interconnected 
30 by ii .section of tran.siuission line, a trans- 
mitter connected to the line to .supply 
oscillations thereover, the line hnvinir. a 
. length eqiial to a quarter wave length or 
odd multiple thereof of the oscillations, 
35 and liavinu inner and outer conductors 
eccentrically disposed, and njeans for 
adjusting, the eccentricity r>f tKe con- 
ductor.v to obtain au impedance value for 



the section which is the geometric mean 
of the imiieilance.-i of the luirts connected 40 
by it. 

5. An impedance matching tran.s- 
ronner comprising two sections of a tran.s- 
niission line having different diameter 
latios of inner and outer conductors, a con- 45 
nectiug section having a dianu.'ter ratio of 
inner and outer conductors iuteruietliate 
the diameter ratios of the two sections, aud. 
means for ailjusting the eccentricity of the 
conductors of the <-onnecting section. 50 

(i. An inipedau(-e matching tran.s- 
lornier for a trausniission line iiaving two 
parts of different surge impedance coni- 
lu'fsing. a section of line connected between 
the parts and having a characteristic im- 55 
peilauce intermediate the impedances of 
the part.s, the jjarts and. section having 
spaced inner and outer coniluctors, the 
inner conductors being rigidly connected 
together and the outer conductors being 60 
connected together through flexible mean.*, 
aud means for adjusting the spacing of 
the conductors of the .section to obtain an 
impedance for the section Avliich is the 
geometric mean of the imnedances of the 6u 
l)arts of the line. 

7. An impedance matchiusr trau.«- 
former constructed and arruuged substan- 
tially as hereinbefore^, described with 
reference tii the accotnpauying drawings. 70 

Dated tins '^U.st dav of October, 1943. 
A. S. CACHEMAITJ-E. 
. Crown House. 
Aldwych, London, W.O.C, 
Agent for the Applicants. 
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